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The Future of Fly Ash
• EPA Cross-State Air 
Pollution Rule 
(CSAPR) threatens the 
supply of Class F fly 
ash in Texas
• Power plants may 
move to “cleaner” 
burning Powder River 
Basin coal
feww.wordpress.com










We have come full circle…back to the Roman pozzolana








• Rice husk ash
web.uvic.ca
• Most SCMs are not directly manufactured to meet a specification
• Characterization is critical for selection 
• There are several standards that define physical and chemical 
characteristics of SCMs to be used in concrete:




• Chemical requirements focus on oxide analysis (typically 
measured through x-ray fluorescence)
• Many materials meet the Class N criteria of 
SiO2+Al2O3+Fe2O3>70% but are not good pozzolans
SCM Chemical requirements






























Bulk Amorphous Content (wt %) by 
Rietveld Quantitative Analysis
• Multispectral Image Analysis (MSIA) for amorphous phase 
characterization
SCM Chemical characterization
Coleto Creek Fly Ash
Al
CaSi




• Structure of calcined clays is related to reactivity, 
particularly the coordination environments of Al and Si
• Metakaolin appears amorphous in x-ray diffraction
• New work has modeled the structure using density functional 
computations and neutron pair distribution function analysis (White 
et al., Physical Chemistry Chemical Physics, 2010). 




ASTM C 204 
Blaine Air-Permeability
• Rate of flow through a 
porous bed of material 
is related to its surface 
area
S is the specific surface area; Ss is that of a standard material
T is the measured time interval and Ts is that of a standard material
ρ is the density of the material and ρs is the density of the standard material
ε is the porosity of the prepared bed and εs is that for the standard
b is a constant appropriate for the test sample
D is the powder density; ε is the porosity of the bed; A is the cross-sectional area of the bed; i is the hydraulic gradient; 
ν is the kinematic velocity; Q is the rate of flow
SCM Physical Characterization: Blaine
Data from J. Stewart, UT Austin
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• Particle size distribution by laser diffraction


































Data from K. Aughenbaugh, UT Austin
Laser Techniques (LAS)
• Absorption is dependent 
on the size and the 
composition
• Diffraction in LAS is 
dependent only on the 
geometry of the particle, 
not the composition
• Scattering is dependent on 
the refractive indices and, 
therefore, the composition, 





• SCMs, both traditional and alternative, are valuable 
components of modern concrete mixtures and their use 
will only increase
• We need to characterize SCMs thoroughly before use in 
order to:
• Determine if they are appropriate for use
• Determine optimal replacement levels
• Characterization tests in the standards are inadequate 
and new thought must be given to the best means of 
characterizing this diverse group of materials
